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Factor Analytic Study of Visual Memory’ 


RAYMOND CHRISTAL 


EMORY plays an important role in 
M one’s success in school, on the job, 
and in dealing with one’s fellow beings. 
It is not surprising that psychologists 
have devoted a considerable proportion 
of their total effort to the study of this 
process. It is somewhat discouraging, 
however, to realize how little we know 
about it. 

There is a growing body of evidence 
that memory is not a single unitary func- 
tion. Evidently this has long been sus- 
pected, for before any attempt was made 
to separate and classify memory abilities, 
experimental psychologists were refer- 
ring to incidental memory as if it were 
different from direct memory, immediate 
recall as if it were different from delayed 
recall, memory for meaningful material 
as if it were different from memory flor 
material, 
memory for 


nonsense memory for form, 


color, auditory memory, 


memory span, and memory for position 
in space. 

‘The present study was designed to in- 
vestigate the factorial structure of visual 
memory. More precisely, it was designed 
to identify and define factors correspond- 
ing to the ability or abilities of individ- 


‘This report represents a condensation and 
rewriting of a dissertation submitted to the Uni- 
versity of Texas in 1956 as partial fulfillment of 
the requirements for a doctoral degree. Benja- 
min Fruchter served as chairman of the commit 
tee. It also is based in part on work done under 
ARDC Project No. 7719, Task 17008, in support 
of the research and development program of the 
Air Force Personnel and Training Research 
Lackland Air Force Base, Texas 


Center 


Wright Air Development Center 


uals to recall stimuli presented in the 
visual modality. There have been a num- 
ber of studies in which auditory memory 
and memory span factors were identified, 
but these are not relevant to the present 
investigation which is restricted to tests 
administered in the visual modality. In 
this respect there is only one well-estab- 
lished memory factor. ‘This is the factor 
M that Thurstone’s 
analysis in 1938 (12). It has been called 


rote memory, memory, associative mem- 


was extracted in 


ory, and paired associates memory; but 
in all cases it seems to be the same. It is 
best defined by tests requiring the forma- 
tion of associations and will be referred 
to in this study as the associative memory 
factor. 

One other memory factor in the visual 
memory area is considered by some psy- 
chologists to be established. This factor, 
called visual memory, was identified in 
four studies conducted by the Air Force 
(8, pp. 261-268, 408-418). It seems to rep- 
resent the ability to recall past visual ex- 
perience. However, in two of these studies 
the factor was extremely weak and _ its 
interpretation questionable, while in the 
other two studies the tests identifying the 
factor were limited to measures of map 
memory. It was hypothesized that the 
ability is general in nature and that it 
would be found in tests other than those 
involving maps as subject matter (9, 
p. 228). 


In 1937, Carlson (3) extracted what appeared 
to be three visual memory factors from a battery 
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of 35 tests involving visual and vocal recogni- 
tion of words. In an Air Force re-analysis of this 
study (9), intercorrelations were averaged to ré 
duce dependency and only one factor was ex 


tracted. As French points out (6, p. 248), the 
evidence for a visual memory factor is quite 
thin. There has been no cross identification be 


these various analyses. In two of the Air 
Force studies the factor is extremely weak and its 


tween 


nature unclear. In the two other Air Force 
studies the factor could be a content factor 
specilic to word lists. There seems to be little 


justification for accepting a visual memory fac 
until these studies have been 
cluded in a single analysis. 

Kelly (10), in 1954, completed a study in which 
he hypothesized a visual memory factor but was 
unable to demonstrate this factor in his results 
He did manage to separate memory 
ingful material and memory meaningless 
material into what appears to be two separate 
factors be 


tor tests from in 


for mean 


for 


These need to confirmed by addi 


tional sturlies 


Hy POTHESES 


The hypotheses of this study take the 
form of postulated factors. Nine new fac- 
tors, which can be subsumed under five 
major headings, are postulated in the 
memory area. These are listed below. 

Visual Imagery. This is postulated to 
be a factor which will account for mem- 
ory through use of visual imagery. It is 
not whether a 


cleat single first-order 


factor this variance. 


should account for 
The visual image can be conveniently 
broken into three categories: color, form, 
and position of the elements within an 
image. Memory for each of these cate- 
gories can be thought of independently of 
the remaining two. One can visualize the 
color and/or shape of a book and yet be 
unable to recall its position when last 
seen. A file clerk may be able to recall see- 
ing a bulletin in a particular section of a 
particular file drawer without being able 
to recall its color or shape. Tests measur- 
ing each of these three types of memory 
were designed for the present study. If 


three first-order factors corresponding to 


these tasks emerge from the study, the in 


F. 
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tention is to allow the axes to go oblique, 


determine the intercorrelations 


among 
the factors, and perform a second-order 
solution in an attempt to locate a second- 
order factor corresponding to memory 
through use of visual imagery. 
Incidental Memory. This factor would 
account for memory for things and events 
encountered incidentally as opposed to 
memory for things and events which in 


dividuals remember 


through conscious 


effort. 
Shellow (11) made a summary of studies in 
in this area in 1923. She offered three criticisms 


which apply to practically all of the work done 


so far under the title of 


incidental memory. In 
addition to the tests being too complicated, she 
that in most care was taken 
to insure the perception of all of the material 
upon which questions were to be asked later, so 
that 
ot 


ory 


indicates cases no 


the tests resolved themselves into measures 
observation than of 

In instances, she states, the subjects 
were informed that would later be asked to 
recall the material which was presented to them, 
and in this the became of 
memory. In het study she adminis- 
tered a group of tests measuring incidental and 
direct for 
of 


Space 


rather incidental mem 


other 
they 


way tests measures 


direct own 


memory pictures, names, sequences 


events, colors, letters in 


the 


shapes, 
She 
summation 
dental memory and direct memory was 


position 
found that 
for 
34 


the intercorrelations 


and prose materials 


correlation between scores inci 
which 
was somewhat 

of 


among 


than 
incidental 


highe1 


among tests memory for various 


materials for 


ol direct 


tests ol memory 
different kinds of material. 


TPhurstone (13, p. 201), in 1910, asked whether 
ability 3 


the the 

Fvideytly, as 
con 
in 
there probably exists also 
called 


recall 


incidental 
to 


memory 1s Same 


ability memorize intentionally 
he 
the 


stated 


and 
the 


time passed became 


that 


more 
vinced 
1946 


as parak 


two were not same, for 


he 
for what is incidental 
the past 
perience without previous intention to recall it’ 


15, p. 108). 


ability 


memory, namely ability to ex 


Delayed Recall. This factor would rep- 
resent the ability to recall things and 
events alter a lapse of time as opposed to : 
recalling things and events of the more 


immediate past. Postulation of such a 


| { 
= 
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factor implies differential loss in reten- 
tion with the passing of time. 


Although many investigators have discovered 
a rapid loss of retention during the first few 
hours after the learning session, there are very 
few studies in which an attempt has been made 
to determine whether some individuals are more 
efficient than others in retaining material over 
periods of time. Forlando and Bunschwig (5) 
in 1938, reported a study in which 156 children 
were given immediate and delayed recall tests 
after limited learning of poetry material. Ap 
proximately 40 per cent showed a higher score 
on the delayed than on the immediate recall 
form. In another study, Anastasi (2) found mark 
edly different patterns of correlations for two 
memory which 
for the factor of delay 


tests were very similar except 
She concluded that cer 
tain devices which might facilitate the recall of 
a series of words immediately after their presen 
tation might be of little value when recall is 
after 48 hours. In an Ais factor 
analysis (9) performed on scores from aviation 
subjects, a test involving the recall of 
orally presented tactical plans after a delay of 
two hours was found not 


paired associates 


tested Force 


cadet 


to be loaded on the 
memory factor. It 
was hypothesized that this test measured either 


an auditory or a delayed memory factor or both 


associative) 


Memory for Position in Temporal Suc- 
cession, This factor would account for 
differences in the ability of individuals 
to remember the relative position of 
events in time. 

Research in psychology indicates that 
recall of order within a series is, to some 
degree, a matter of intraserial association. 
To the extent that this is true, one would 
expect tests designed to measure memory 
for position in temporal succession to 
have their variance accounted for by the 
associative 


memory Thurstone 


(15, p. 108) indicated in 1946 that there 


factor, 


may be a factor concerned with memory 
for temporal sequence which is distinct 
from the associative memory factor. 
Memory Content Factors. These fac 
tors would account for special abilities 
of individuals to remember certain types 
of content. Memory for color and form 
Visual 


mentioned earlie1 


were 


STUDY 


OF VISt 


Al 


MEMORY 


Imagery. Factors also are postulated to 
account for memory for words and mem- 
ory for numbers. 


108) indicated his belief 
transcends the na- 
ture of the content and so becomes applicable 
to numerical, spatial, or verbal material. Hum 


> 


phreys (9, p. 223), 


Thurstone (15, p 


that the memorizing factor 


22 on the other hand, states that 
memory factors can probably be multiplied al- 


most indefinitely by relatively slight changes in 


the format and content of memory tests. Vernon 
(16, pp. 152-153), Achilles (1, p. 24), Grant (7, 
p. 514), and Anastasi (2, p. 54) tend to agree 
with Humphreys 

DESCRIPTION OF THE TESTS 


This section is devoted to a verbal de 
scription of the tests included in’ the 
battery. A familiarity with the test titles 
ind content is prerequisite to an under 
standing of the 


cliscussion to be pre 


sented later. 


Experime ntal Tests 


Color Discrimination? 


I his 


drawings 


test 
Fach 


numbers, 


presents 30 
group 
letters, all 
yellow, red 


colored 


groups of 
tains 


con 
three symbols, 


three of which are colored blue, 


green, or brown. However, in cach group one 
of the three is colored a different shade than the 
remaining two. The 


examinee 1s requested to 
identify the 


“olf-shade” symbol, 
group of three. The 
lest is not a 


number, o1 
Color Dis 
measure of 


letter in each 


crimination memory 


but it provides study material for the Color Re 


call Test. It was designed to be administered as 
the first test in the battery and before the ex 
aminees discover they are taking a series of 


memory tests 
15. Color Recall 

be administered 

Discrimination 


This test was designed to 

immediately Color 
Test. It same 
groups of drawings printed in a neutral gray 
is to recall the color of the 
groups as they appeared in the Color 
lest. Lhe Color Recall 


primarily to measure memory for 


after the 
consists of the 


The examinee’s task 


Discrimi 
nation Lest was designed 
color, inci 
dental memory, and memory for form. 

29. Color Memory. The examinee is shown a 


>The numbers before the test 


titles are the 
identification Lables 1 
through 5, and in the factor descriptions to be 


presented No number 


numbers used in Fig. 4, 
to the Color 


variable 


is assigned 


Discrimination Test this 


included in the 


since was not 


final factor solution. 


; 
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series of 20 large flash cards, each containing a 
colored drawing of a common object, at the 
rate of one card each two seconds. He is asked 
to remember the colors of the objects. In some 
cases these objects are colored as one would find 
them in reality. In most cases, however, the ob 
jects are colored inappropriately. For example, 
the set includes pictures of a green horse, a red 
cow, and a yellow gun. The examinee later is 
given the names of the objects and is asked to 
identify their colors. 

28. Position in The examinee is 
requested to recall the order in which the flash 
cards in the Color Memory Test were presented. 
In each question, the examinee must identify 
which of two cards was presented first. This test 
was designed to measure incidental memory and 
memory for position in temporal succession. 

14. Colored Form-Word Association. The ex 
aminee is asked to associate a series of 24 colored 
forms which are paired with simple English 
words. After the study session he is presented the 
forms and asked to identify the words with 
which they were associated. This test was in 
cluded as a measure of memory for color, asso 
ciative memory, and memory for forms. 

18. Position Recall I. The examinee is asked 
to study four pages, each of which contains 12 
drawings. He then is asked to recall the position 
of the drawings as they appeared on the study 
pages. This test was designed to measure memory 
for position in space. 

19. Position Recall I. In this test the ex 
aminees are requested to recall on which of the 
four study pages each of the 48 drawings in the 
Position Recall I Test appeared. It was de- 
signed to measure memory for position in tem 
poral succession. Since the examinees were not 
told that they would have to recall the pages on 
which the drawings appeared, this test is also a 
measure of incidental memory. 

17. Picture Detail Recall. In 


Succession. 


this test the 


examinees are asked a series of unexpected true 
false questions concerning the content of the 


drawings in the Position Recall I Test. It was 
designed to be administered approximately five 
hours after the Position Recall Test so that it 
would serve as a measure of delaved recall. It 
also is a measure of incidental memory and 
memory for form 

24. Number-Word this test 
the examinee is asked to associate one. and two 
digit Arabic numbers with simple English words. 
He later is shown the words and asked to iden- 
tify the correct numbers. This test was designed 
to measure memory, 
words, and memory for numbers. 

23. Position Memory. This test was designed 
to be administered unexpectedly approximately 
four hours after the Number-Word Association 
Test. The examinee is requested to recall the 


Association. In 


associative memory for 
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position on the page of the number-word com- 
binations as they occurred in the original test. 
It was constructed to measure delayed recall, 
incidental memory, and memory for position in 
space. 

22. Space Memory. The examinee is asked to 
study a page containing 5 squares, each of which 
contains a symbol in each of 5 sections. He later 
is requested to identify the symbol that was lo- 
cated in each of the 25 sections. This test was 
designed to measure memory for position in 
space, memory for form, and associative memory 

21. Pattern-Word Association. The examinee 
is asked to associate 20 patterns with simple 
English words. He later is presented with the 
patterns and asked to identify the correct 
words. This test was designed to measure asso 
ciative memory and memory for form. 

27. Pattern Detail Memory. The examinee is 
shown a series of 15 patterns formed with 
straight lines. He later is asked to select each of 
these patterns from among five similar ones, The 
test was designed to measure memory for form 

20. Sequence Memory. The examinee is asked 
to recall the order in which the tests in the 
operational Airman Classification Battery were 
administered to him approximately three days 
previously. In each question, the examinee is 
requested to select the one of a pair which was 
given first. In order that he may recall the tests 
by their titles, a sheet is provided which has a 
sample item from, or description of, each of 
the tests in the battery. This test was designed 
to measure delayed recall, memory for position 
in temporal succession, and in idental memory 

16. Word Association. The examinee is asked 
to associate 30 pairs of English words. Later he 
is presented with one member of each pair and 
asked to identify the other This test 
was designed to measure associative memory and 


member 


memory for words 

25. Number The examinee is 
asked to associate pairs of one- and two-digit 
Arabic numbers. He later is presented with one 
from each pai asked to identify 
the number with which it was associated. This 
test was designed to measure associative memory 


Association. 


number and 


and memory for numbers 

The exami 
nee is asked to associate 20 Turkish words with 
their English counterparts, He later is shown 
the Turkish and asked to identify the 
English words with which they were associated 
This test measure 
memory and memory for words. 


26. Turkish-English Association 


words 


was designed to associative 
Reference Tests 


12. Memory for Landmarks, Bl 
asked to study 
(such as 


510A. The 
diagrams of geo 
and 


examinee is 


graphical features rivers lakes) 


which are paired with names. Later he is asked 
to match the names with the correct diagrams 
of geographical features 

1. Word Knowledge, BI 602A. This test con- 
sists of items measuring vocabulary. In each 
item, the examinee is to select the word or 
phrase which is most nearly synonymous with 
the stem word or phrase. 

2. Arithmetic Reasoning, BI 201B. This test 
consists of arithmetic problems presented ver- 
bally in such a manner that the examinee must 
determine his 


own method of solution. The 

examinee does not need formal mathematics 
training in order to solve the problems. 

3. Dial and Table Reading, BP 622-6214. This 


test consists of three parts, all highly speeded 
and administered with different time limits. In 
Part I the examinee has to determine readings 
on 57 separate dials which are similar to those 
found on aircraft instrument panels. These dials 
indicate such phenomena as altitude, air speed, 
amperage, voltage, temperature, fuel-air ratio, 
rpm, and so forth, and are of different shapes 
and sizes. In Parts II and Ill the examinee has 
to determine certain information from tables of 
numbers. For example, in one section he is re 
quested to determine ground speed from tables 
showing the interrelationship of ground speed, 
air speed, and wind velocity. 

4. Numerical Operations 11, Cl 702B. This is 
a test consisting of simple subtraction and divi- 
sion problems. The problems and alternatives 
are printed directly on an IBM answer sheet. 
Part I of the Numerical Operations Test, which 
consists of addition and multiplication prob 


lems, is administered as a pretest, but is not 
scored. 
5. Aviation Information, BI 101B. This test 


consists of 5-alternative items covering informa- 
tion about the structure and function of air 
planes, general aviation information, flying in- 
formation, and meterology. 

6. Background for Current Affairs, BI 102B. 
This test consists of items concerning informa 
tion about current events, modern history, ge 
ography, and economics. In five of the 
the examinee is requested to identify 
areas on a map of the world. 

7. Electrical Information, BI 901B, This test 
consists of a series of questions about electricity. 
The examinee is required to demonstrate a 
knowledge of clectrical principles and to read 
electrical diagrams. 

8. Mechanical Principles, BI 903B. This test 
consists of two types of items: mechanical prin- 
ciples and mechanical movements. The items 
dealing with mechanical principles measure the 
understanding of such things as leverage, ro 
tation, stress, and transformation of motion. The 
remaining items require the examinee to com- 
prehend the interrelationship of moving parts 


items 
various 
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within a 
torial form 
9. General Mechanics, BI 902B. This test con- 


machine. All of the items are in pic- 


sists of items covering information about the 
structure, function, disfunction, and repair of 
machines. Most of the items concern 
biles, motorcycles, bicycles, and other devices 
familiar to the average American boy. The items 
are verbally presented 


10. Tool Functions, Bl 904B. 


automo 


There are two 
types of items in this test. In the first type a 
picture of a tool is given and the examinee 
must identify the correct use of the tool, In the 


second type the examinee must select the one 
of five pictured tools that is used for a certain 
task or job 

ll. Speed of Identifications, CP 610A. This is 
a highly speeded test in which the examinee is 
asked to observe an aircraft and then identify 
it from among five ones. In each case 
the planes which serve as alternatives have been 
rotated in a haphazard manner. The test is in 
pictorial form and is printed directly on an IBM 
answer sheet 


similar 


13. Pattern Comprehension, BP 803C. In this 
test a flat pattern layout, showing the outline 
in solid lines and edges along which the folds 


are to be made in dotted lines, is presented be 
side an the three-dimen 
sional object that would be formed by folding 
the pattern correctly. Certain edges of the folded 
object are lettered, while edges and fold lines on 
the flat pattern are numbered. These numbers 
represent the questions and the examinee’s task 
is to determine the corresponding points on the 
folded three-dimensional object 


isometric drawing of 


30. Age-in-years 
31. Education-in-years 


SPECIAL PROBLEMS RELATING TO 
Test CONSTRUCTION 


The most time consuming part of this study 
by far, the construction, try out 
and final printing of the tests. This stage also 
can be considered to be the most important for 
two related the only hope of iden 
tifving an hypothesized factor from a matrix of 
intercorrelations is that two or niore of the tests 
in some degree 
hypothesized and 


was revision, 


reasons a) 


measure the type of variance 


(b) if an hypothesized factor 


is not extracted, no statement can be made as 
to its nonexistence unless it can be demon 
strated convincingly that the tests included in 


the battery provided ample opportunity for the 
particular function to be represented 
tion is devoted to a discussion of 
problems encountered in 
tests for 


This sec 
some of the 
the development of 
inclusion in the battery. This informa 
tion should prove helpful to anyone desiring to 
make further studies in this 


will 


area. It also 
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aid the reader in understanding some of the 
factor loadings reported later. 


Tests Measuring Memory for Color 


Only one test could be located, in a search 
of the literature, which involved memory for 
color and which could be adapted to group ad 
ministration. -This called “Color-Word” 
(6, p. 101),° consists of solid-colored forms paired 
with simple English words. After a form of this 
test had been constructed for the present study, 


it was administered to a small group 


test, 


The in 
dividuals in this group were questioned after 
testing about the methods used in studying and 
recalling the colored form-word 
Results of interviews 
test probably would be a poor measure of 
visual recall of color, All of the examinees ad 
mitted using verbal associations in “fixing the 
pairs in their minds,” and many of those in- 
terviewed stated they had no visual experience 
in recalling the colored forms—to them it 
strictly a matter of associations. For 
example, the first item in the test presented a 
blue cross paired with the English word “feel.” 
One of interviewed stated he 
the “blue cross” with a type of hospitalization 
insurance. He then associated the 
with the word “feel” by saving to him 
self “you'll be glad you have Blue Cross when 
you feel sick.” Thus, when in the recall por 
tion of the test he asked to identify the 
word which was paired with the blue cross, he 
was able to do so by means of verbal 
tions. This same individual was asked to name 
the color of a two-cent stamp, which he did 
without hesitation. When asked how he recalled 
this color, he replied “I can see it in my mind's 
eve. I get a picture of it.” 

It was obvious that some technique had_ to 
be developed 


combinations 
indicated that this 


these 


was 


verbal 


those 


associated 


words “blue 


cross” 


was 


associa 


to keep examinees from 
verbal associations if a visual memory for color 
factor were going to be defined. One of the 
techniques used was that of presenting the study 
materials so rapidly that there was no time for 
making complex verbal associations. The Color 
Memory Test, which was designed to utilize this 
technique, 


using 


consisted of colored drawings of 
common objects on large flashcards which were 


shown 


to the examinees at a rate of one every 
the interviews which followed 
an experimental administration of this test, the 
examinees indicated that in order to recall the 
color of the objects presented it was necessary 
for them to “have a visual experience.” Only in 
one or 


two 


seconds, In 


two instances did 


the examinees 
state that verbal associations were used, and in 


any of 


*Called Colored-Form 
in this paper. 


Word Association Test 
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these cases the associations were ready-made and 
not forced. For example, one of the examinees 
stated that he remembered the green horse be 
cause when he was in high school a mule had 
been painted green and white (school colors) 
and taken to a football game 

Another test was worked out which appeared 
to minimize examinee use of verbal associations 
to a large extent. This was the Color Recall 
Test which combined memory for color with in 
cidental memory 
recall the 
crimination 
that 
there 


It required the examinees to 
symbols in the Dis 
Test. Since the examinees did not 
they would have to recall these 
was no reason for them to make 
associations. In order to force ex 
aminees to take a good look at the groups in 
the Color Discrimination 
to make the 


color of Color 
suspect 
colors, 


conscious 


Test, it was necessary 
discriminations very difficult and 
to threaten examinees with a severe penalty for 
Incorrect responses. 


Tests Measuring Memory for Form 


There was a tendency for examinees 
to use verbal associations to remember form in 
much the they utilized this 
For example, the Pat 


tern-Word Association Test, which was designed 


strong 


same manner as 


crutch in recalling color 


fi) = help 


= run 


Fic. 1. Two example items from the study sec 


tion of the Pattern-Word Association Test 


to be a measure of form memory, contained fig 
ures composed of circles, lines, curves, dots, and 
so forth, paired with English 
these pairs which served as 
are illustrated in Fig. | 


words. Two of 
material 


FExaminees reported a 


stimulus 


strong tendency toward using verbal associations 


in recalling pairs such as these. For example, 
one examinee, in the first item in Fig. 1, visu 
alized the pattern as a man’s head whose mouth 
is “skewed up as if he were yelling ‘help’.” In 
the second item he saw a man (the delta and 
small circle) running from a bear (the X) into 
a stone wall (the slash) 

The Pattern Detail Memory Test, which was 


designed to be a 


form 
composed of a number of straight line drawings 
such as those illustrated in Fig. 2 


measure of memory, 1s 


Again, there 


7 
I. 
Xo 
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Fic, 2. Three example items from the study se« 
tion of the Pattern Detail Memory Test. 


was the tendency for examinees to use verbal 
associations in remembering the patterns. For 
example, one individual saw these drawings 
as a telescope, a cannon firing six shots, and an 
arrow flying toward a leaning tree. However 
the alternatives to the recall questions in this 
test were constructed to minimize the value of 
such associations, For example, Fig. 3 shows 
choices which served as alternatives to the three 
stimulus drawings presented in Fig. 2. It can be 


seen that the first group of alternatives presents 


I. II. 

“/\\ 


x 


\ 


Fic. 3, Alternatives for three items in the Pattern 
Detail Memory Test. (See Fig. 2 for correspond 
ing stimulus materials.) 


five “telescopes” and the second group of alter 
natives presents five “cannons,” each of which 
is firing “six shots.” In the last item the indi 
vidual examinee mentioned was able to elimi- 


nate two of the alternatives. He reported, how- 
ever, that, for most of the items, he had to de- 
pend upon general feeling, guessing, or visualiz- 
ing. 


Tests Measuring 
Space 


Memory for Position in 


No special precautions were taken to restrict 
the examinees’ use of verbal associations on the 
memory for position in space tests. It will be 
seen later that this was unfortunate. 

It will be noted that each of the tests in this 
area measures memory for position in two- 


dimensional space. However, this was not con- 
sidered to be a serious problem. A number of 
spatial and visualization tests which are printed 


in two dimensions have been demonstrated to 


have unique validity for jobs requiring manipu 


lation of objects in’ three-dimensional space. 
For example, spatial-type tests have been shown 
to be uniquely valid for predicting success in 
learning to fly an aircraft (8, pp. 269-296, 477- 
510). 


Tests Measuring Incidental Memory 


There were two main problems encountered 


in the construction of tests to measure inciden- 
tal memory: to make sure that the examinees 
did not suspect that they were going to be re 
quired to remember the materials used and to 
insure that the tests had satisfactory reliability. 


Phe solution of the first problem was not as 
simple as it might appear. Once a group has 
been “tricked” by one measure of incidental 


memory, they become extremely suspicious of 
later tests. Several devices were used to insure 


that the tests in the present battery would 
measure this hypothesized ability 


The first device was simply that of assigning 


one of the measures of incidental memory the 
first position in order of test administration so 
that it was given before the examinees dis 


covered they were being subjected to a series of 


memory tests. It has been pointed out already 
how the Color Recall Vest was placed in this 
position. The Sequence Memory Test used a 
similar approach in that it asked the examinees 
questions about something that happened three 
days prior to the administration of the memory 
battery. 


Another method utilized to keep examinees 
from suspecting the nature of the incidental 
memory tests was to keep them so occupied with 
one task that they would not have time to study 


aspects of the test materials used for measuring 
incidental memory. For example, in the Color 
Memory Test the examinees were exposed to a 


series of 20 colored pictures at the rate of one 
each two seconds. They were told that the pur- 
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pose of this test was to measure their memory 
for the colors of the objects shown. After they 
took the Color Memory Test they were asked 
unexpectedly to identify the order in which the 
pictures were presented. In the Position Recall 
I Test the examinees were permitted to look 
for a period of one and one-half minutes, at 
12 pictures on each of four printed pages and 
were told that they would be later for 
their ability to remember the position on the 
page of each of these 48 pictures. Later the 
examinees were asked unexpectedly in the Posi 
tion Recall Il Test to identify on which of the 
four pages each of the pictures appeared. Still 
later, in the Picture Detail Memory Test, they 
were asked to answer a series of true-false ques 
tions about specific content of the pictures 
There were some problems in constructing in 
cidental tests having satisfactory relia 
bility. Unfortunately, the devices used to keep 
the examinees from suspecting the nature of 
these measures tended to reduce their reliability. 
For example, one would expect a great deal of 
chance variance on the Position in Succession 
Test, which requested the examinees to recall 
the order in which the colored pictures were 
presented at the rate of one every 
In this total 


seconds 


tested 


memory 


two seconds. 
time for the test 
Other devices tended to 
examinees’ attention from the 
subject matter of the incidental memory meas- 
ures. For example, in the Color Discrimination 
lest the examinees had no reason to pay atten- 
tion to the color of the symbols. In general, 
nothing could be done to improve the reliability 
of these tests except to increase their leng:h 


case, the study 
only 40 


withdraw the 


was 


fests Measuring Delayed Recall 


The proposed existence of a delayed recall 
factor rests upon the assumption that there is 
a differential loss in retention among individ- 
uals, e.g., individuals who are equally capable 
of recalling materials immediately after thei 
presentation will differ in ability to recall these 
materials after a lapse of time. The big ques- 
must there be be 
fore such differential loss occurs to a significant 
degree. There are reasons to believe that dif 
ferences among individuals may develop in a 
matter of hours. Ebbinghaus (4) and many other 
investigators have shown that loss in retentivity 
occurs very rapidly during the first few hours 
after exposure to the stimulus materials. In 
the previously mentioned studies conducted by 
Anastasi (2) and the Air Force (9), there were 
indications that a delayed memory factor might 
be extracted from tests involving only a few 
hours delay. The present study included three 
measures of delayed recall. One of these tests 
involved a delay of approximately three days 


tion here is how much delay 
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The other two involved delays of approximately 
four and five hours. 
Memory Position 


Tests Measuring for 


in Temporal Succession 


No special problems were encountered in the 
development of tests to measure memory for 
position in temporal succession. The tests which 
were produced to measure this factor were not 
highly reliable, but were considered satisfactory 
for the present study 


Tests 
and Memory Content Factors 


Measuring Associative Memory 


The associative memory factor has been iden 
tified in many previous analyses. The associative 
memory tests in the present study 
lected first on a basis of their loadings in these 
analyses and second to make possible the ex- 
traction of content factors, provided they exist 


were se 


For example, two tests involving numbers and 
five tests involving words were included. A new 
test, the Pattern-Word Memory 
that memory 
measures would involve memory for form 


Test, was con 


structed so two of the associative 


Test ADMINISTRATION AND PROCESSING 

In this section is a discussion of the 
experimental and final administrations 
of the memory battery, a description of 
the sample, a listing of the test reliabil- 
ities and distribution statistics, an out- 
line of the testing schedule, and a briet 
discussion of the data processing proce- 
dures. 


Experimental Administrations 


Fests in the memory battery were ad- 
ministered, one or two at a time, to sam 
ples of 300 to 400 basic airmen. The pur- 
poses of these several administrations 
were: (a) to evaluate the study time al- 
lowed for each test, (b) to discover the 
types of questions asked by examinees, 
(c) Lo get estimates of the amount of re- 
call time necessary for 95% of the exami- 
nees to finish each test, (d) to give the 
administrators experience with the new 


tests, (ec) to observe the reaction of exami- 


nees to the measures of incidental mem- 
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ory, (f) to furnish distribution statistics tributions. Where the means were too high or 


. ; too low, a change was made in the study time 
for evaluating difficulty levels of the tests, 
and (g) to furnish data for computing Distribution statistics and reliability esti 
reliability coefficients. Some. of these ates. Answer sheets from the experimental ad 
: . . . . ministrations were machine scored using fot 
items will be discussed briefly in the fol- 6 
‘ mulas involving the conventional corrections for 
guessing. Reliability estimates and test distribu 
tion statistics computed from these data are re- 
ported in Table 1. The corrected odd-even re 
liability estimates reported in this table show 


lowing paragraphs. 


Determination of time limits. All of the tests 
in the memory battery were designed to be 
“power” measures. That is to say, they were 
designed to elicit answers under unspeeded con 
ditions. Time limits for the recall portions of 
the tests were established by the 95°, finish cri 
terion, that is, by recording the time it took for 
of the individuals the experimental 
groups to complete each test. The problem of 
establishing time limits for the study sections of 


that even the Position in Succession Test, which 


was somewhat delaved, incidental, and based 
upon a 40 second study time, was moderately 
reliable. The Pattern Detail Memory Test, 
which was one of the most dithcult tests in the 
batterv, had the third lowest reliability. When 
the study time for this test was increased from 


five minutes to cight minutes, its estimated re 
liabilitv, rose from 66 to .71. The Picture De 
tail Memory Test, which had a relatively low 
reliability, was composed of 33 true-false ques- 


the memory tests was somewhat more complex 
If evervone were given all of the time he wanted 
on the study sections, the tests would tend to 
become measures of persistence rather than of 
memory. Practically anyone could make a_per- 
fect score on most of the tests if he were given 
sufficient time and applied himself. In general 


tions, incidental, and administered approxi 


mately five hours after the examinees were ex 


posed to the stimulus materials 


time limi clions were e 
the u 1¢ limits for the study sections were es Final Administration 
tablished by observing when the examinees be 
gan to get restless and by asking individuals Order of test administration. The time sched 


when they felt they had had enough time. A ule presented in Table 2 was 


2 based upon ex- 
check on the reasonableness of these limits was 


perience gained during the experimental admin 
made by observing the means and standard de- _ istrations. Because of the nature of the study it 
viations of the experimental groups’ score dis 


was not possible to set up a flexible schedule 


rABLE 1 


DISTRIBUTION STATISTICS AND RELIABILITY ESTIMATES FROM THE EXPERIMENTAL 
ADMINISTRATIONS OF THE MEMORY BATTERY 


Tests 


Study 
No. Variable lime \ V D riy 
Items 
(Mins 


Colored Form-Word Association 28 10 370 $.3 oa 77 
: Color Recall 30 3608 4.1 68 
16 Word Association" 
17 Picture Detail Recall 33 370 25.0 1.8 63 
18 Position Recall | 48 6 364 25.4 10.0 9? 
19 Position Recall I] 6 367 13.5 a 80 
20 Sequence Memory* 
21 Pattern-Word Association 21 s 353 4.5 1.4 74 
22 Space Memory 25 S 353 ua. 6.6 92 
23 Position Memory 20 354 &.5 6.9 R3 
4 Number-Word Association 20 & 355 11.0 6.2 85 
25 Number Association 15 s 354 6.6 La 81 
26 lurkish-English Association 20 8 353 9.9 6.0 87 

Pattern Detail Memory' 15 5 353 - 3.4 66 
27 Pattern Detail Memory" 15 370 3.7 71 
28 Position in Succession 40 363 12.8 6.7 58 
29 Color Memory 20 67 370 14.2 3.9 72 


* Being reprinted during time of experimental administrations. 
» First administration. 
© Second administration after revision of study time limits 


Prov 


1D wet 


W ord kK now ledge 


Decimal points have been omitted 
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Variable 


Color Discrimination 
Color Recall 
Number-Word Association 
Position Recall* 
(Break) 
Colored Form-Word Association 
Pattern Detail Memory 
lurkish-English Association 
(Lunch) 
Sequence Memory 
Word Association 
Color Memory 
Position in Succession 
Position Memory 
(Break 
Space Memory 
Number Association 
Picture Detail Recall 
Pattern-Word Association 


Variable 


Arithmetic Reasoning 54 
Dial and Table Reading 51 
Numerical Operations II 41 
Aviation Information 66 
Background for Current Affairs 71 
Electrical Information 58 
Mechanical Principles 37 
General Mechanics 50 
Tool Functions 26 
Speed of Identification 28 
Memory for Landmarks 36 
Pattern Comprehension 
Colored Form-Word Association | 22 
Color Recall OS 

\ssociation 26 
Picture Detail Recall 22 
Position Recall I 22 
Position Recall II 10 
Sequence Memory 32 
Pattern-Word Association 23 
Space Memory 28 
Position Memory 21 
Number-Word Association 23 
Number Association 14 
lurkish-English Association 42 
Pattern Detail Memory 25 
Position in Succession 07 

Memory 09 
Age in vears 22 
Education in years 50 


TABLE 


SCHEDULE FOR FINAL ADMINISTRATION OF THE Memory BATTERY 


nee 
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\dminis- 
trative 
Directions 


ided study materials for Position Recall | and Il (Variable N 


INTERCORREI 


26 


— 


TIONS AND DistTRIBt TION STATISTICS OF THE 


tw 


2 
Study 
Recall Overall 
; No. rime Time Time 
(Mins. ) 
i | 12 17 
i 15 13 18 
94 & 11 23 
: 6 34 47 
14 10 15 29 
27 11 23 
26 ' 8 13 25 
”) 15 20 
16 9 14 27 
9) 67 7 13 ; 
28 | 11 15 
23 11 16 & 
»? b 5 19 30 
| 8 11 23 
17 | 10 15 
1 | 8 15 28 
' 
18 and 19) 
TABLE 
No. | 9 | 0] | 12] 13 
54. 51 | 41 | 66/71! 58 | 37) 26! 28/36) 40 
) 65 | 62 | 48 | 53 | 48 | 40 | 42! 27] 30/39! 46 
| 65 64 | 50 | 50, 52/45) 42, 28) 51/46) 57 
4 | 62 64 34 28) 26) 23) 34/32) 34 
5 48 | 50 | 34 69 64 46 34 40) 34 32) 46 meg 
6 53. | 50 42 69 56 | 36| 40! 33 | 34| 40 
7 48 | 52 28 | 64 | 56 57 | 68| 52) 34] 34] 48 
| 40 | 45 | | 46 | 36) 57 54 48 34/28) 45 
9 42 | 42 54/40 68 54 68 | 20/22] 36 
10 27 | 28 40 | 24 | 52 | 48! 68 20 | 12 35 
11 30> 34 | 33 | 34 | 34] 20 32 | 47 
12. | 39 46 32 | 34 | 34] 28 | 22] 12] 32 40 
13 46 57 46 40 48 45) 36 47° «40 
4 22 | 26 19 | 20} 19/17] 12] 07| 14] 42] 21 
15 | 06) | 09 | 01 06 12 18 Os 
16 | 34) 24 | 21 | 22] 28] 20) 20] 14] 18] 48 | 27 
17 7 28 1 4 29 64 24 0 I 
18 3 | 37 | 25 
20 7 | 29 | 25 5 
5 | 31 | 20 
= 2 160 ) 
? 30. 25 
2 2 | 20 | 24 
2 27 | 31 | 34 0 18 
36 | 38 | 33 58 | 27 
27 | 35 | 21 41) 35 
28 07 15 | 10 7 | 
13 | 20} 11 18 17 
30 15 | 11 | 13 09 02 
31 46 48 44 26 
Note, 


FACTOR ANALYTIC 


which would allow the‘order of the test ad 
ministration to be varied. For reasons previously 
stated, the Color Discrimination Test had to be 
administered as the first test in the battery. The 
Color Recall, Position Recall I and Time Se 
quence tests were designed to be administered 
immediately after three other tests upon which 
they depended for subject matter. The 
Recall and Number-Word Associations tests had 
to be scheduled in the morning sessions in order 


to allow 


Position 


as much time as possible to elapse be 
fore administration of the Picture Detail Recall 
and tests which were included 
as measures of delaved recall 

De scription of the sam ple 


Position Memory 


The tinal adminis 
tration sample was composed of 718 new Au 
Force enlisted personnel who were in the early 
weeks of basic indoctrination training at Lack 
land Air Force Base, San Antonio, Lexas, The 
testing occurred during the months of October 
November, and December, 1953 
a Mean educational level of 11.3 with a 
Standard Deviation of 1.88 years. The age dis 
tribution for the final sample granted a Mean 
of 19.35 vears with a Standard Deviation of 
The geographical origin of 61 cases 


The sample has 


years 


2.32 


2 


Memory BArrery 


AIRMAN CLASSIFK 


AND THE 


2 32 23 | 28 21 23 
3 27 | 25 | 32| 23 | 22 
7 29 31 46 29 
5 25 25 | 24 
2 5 25 | 22 | 32 23 | 21 OS 
05 | 22 | 22 3 7 | 30) 23; 28 18 | 21 
09 | 28 | 28 | 26 | 14 | 28 | 26); 31 15) 19 07 
02 | 20 | 26 | 24} 13 | 12 | 22 | 28 17 5 06 
01 | 20 | 24 | 161 13 | 18 | 17 | 2 10 2? 
06 | 14 21.) 15 | 10 | 06 | 13 | 17 09 07 
12 | 18 | 20 | 29 | 22 | 18 | 24 | 32 yi Oe |. 
18 | 48 | 26 | 36 | 18 | 26, 46 | 49 9 49 
| 27 | 32 | 24 | 20 
14 | 37 | 28 | 13 | 200| | 36 28 | 34 
17 | 23 | 23 5 | 00 | 12 | 24 21 25 
17 24 | 39 | 20 | 18 | 40 | 47 3 
23 | 24 47 | 27 | 08 | 22 | 32 30° 30 
23 47 39 18 26 46 48 
18 | #9 16 | 15 | 22 | 
00 | 18 | 08 | 18 | 16 ‘15 | 15 18 | 17 
12 | 40 | 22 | 26; 15} 15 36 27s 330 
24 | 47 | 32 | 30 | 18 | 17 43 
21 | 35 | 30 | 46 | 22 | 18 | 27 | 47 62 
25 8822) 17 $3 62 
15 16/35 | 17 15 44 38 +4 
21 | 59 | 28 | 42 | 20 7 | 47 | 48 4s | 57 
14 
17 
3 
1 
Ss 
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was unknown. Of those remaining. approximately 


216 came from the Southwestern, 278 from the 
Southeastern, 98 from the Midwestern and 
Northcentral, 64 from the Mideastern, and 1 


from the Western part of the United States. The 
final sample was limited to Category I, II, and 
Ill airmen* as obtained 

Test. This 
measure al 


determined by 
Armed Forces Qualification 


scores 
on the 
test Is 


primarily intellectual! 


though it contains spatial and mechanical sub- 


tests. Its main function is to eliminate from 
acceptance into the Armed Forces those indi 
viduals who are aptitudinally incapable of mak 
ing a postive contribution. It has a secondary 


function ol 
portioning 
ices, At the 


furnishing scores to be 
talent to individual 
time the memory battery was admin- 


used in ap- 
the armed serv- 
istered, Category IV airmen were being accepted 
had 
difheulty in 
reading and comprehending written instructions 


However, some of these 


little 


individuals vers 


schooling and experienced 


and Ill 
upper 60 of 


‘Categories I, 
the 
population 


take in 
the 


appronrt- 


mately dratt eligible 


~ 


}? 25 07 09 22 50 5 84 1.85 
36 07 13 15 +0 5.87 1.99 
38 | 35 15 20 11 $s 5.14 1.89 
33 | 21 10 11 13 +4 5.28 1.65 
32 | 28 10 16 »S $2 5.22 1.91 
38 | 23 10 14 28 49 5.58 1.78 
3) 32 10 19 10 6.08 1.79 
19 23 06 16 11 27 6.00 1.87 
22 | 13 06 12 23 a 6.40 1.89 
os 11 OS 16 13° «11 6.23 1.91 
24 | 28 10 13 Ol 27 5.14 1.83 
58 41 17 18 09 | 34 1.86 1.98 
27 | 35 13 17 02 5.9] 1.93 
44 | 35 09 18 10 19 5.03 1.92 
21 14 17 33 O1 | OS 5.02 2.04 
59 36 24 28 O4 | 21 5.11 
28 25 15 26 OO 16 5.02 1.92 
42 32 S 23 09 | 19 5.01 1.97 
20 14 12 11 5.10 1.95 
7 Ww 12 06 08 | 27 4.98 1.96 
47 44 07 11 13 | 24 1.94 
$8 41 20 24 O8 | 22 4.95 1.95 
$5 ® 16 19 02 18 5.01 1.92 
57 | 32 »? 3 06 21 3.17 2.22 
48 3) 13 10 03 | 22 5.14 1.98 
42 17 16 46 5.08 1 


14 15 16007 26 | 28 29 30 | 31 
26 
16 
19 
20 
19 
: 17 
12 
07 
14 
J 42 
21 
14 
37 
14 
28 
13 
20 
30 
28 
4 
34 
35 42 15 OO } OY 2-08 
17 | 09 27 02 5.01 1.93 
18 20 15 27 OH 06 5.04 2.06 
10 16 02 06 27 19 84 
19 36 0 (9 06 27 11.30 1.88 


Variable 


1 | Word Knowledge 
2 | Arithmetic Reasoning 
3 Dial and Table Reading 
4 | Numerical Operations II 
5 | Aviation Information 
6 | Background for Current Affairs 
7 | Electrical Information 
Mechanical Principles 
9 | General Mechanics 
10 | ‘Tool Functions 
11 | Speed of Identification 
12 | Memory for Landmarks 
13 | Pattern Comprehension 
14 Colored Form-Word Association 
15 | Color Recall 
16 Word Association 
17 Picture Detail Recall 
18 Position Recall I 
19 | Position Recall II 
20 Sequence Memory 
21 Pattern-Word Association 
22 Space Memory 
23 Position Memory 
24 Number-Word Association 
25 Number Association 
26 Turkish-English Association 
27 Pattern Detail Memory 
28 Position in Succession 
29 Color Memory 
30 Age in years 
31 Education in years 


Note.—Decimal points have been omitted. 


It was felt that inclusion of these cases in the 
final sample might introduce unwanted error 
variance into the test scores. 

A small proportion of the final sample were 
Negroes. No attempt was made to separate these 
individuals from the analysis group or to treat 
their scores separately on any of the variables. 
No women were included in the experimental or 
final administration samples. Fach individual 
had to sign a statement that he was physically 
well enough to take the memory battery tests 
Any person who did not feel that he was physi- 
cally able to do so was excused. The only other 
individuals omitted from this study were those 
who were totally or partially color blind, These 
people were tested, but their scores were not 
included in the final analysis since some of the 
variables in the battery involved recognition of 
color. 


Scoring and Processing 


Answer sheets from 


the final administration 
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TABLE 
CENTROID FACTOR 


645 396 178 —113 
642 335 229 185 
746 246 068 320 
553 203 — 283 399 
658 $04 063 146 
640 $85 140 042 
670 410 06 233 
537 313 61 101 
532 465 272 313 
403 337 $49 251 
496 117 110 235 
665 209 188 089 
609 181 151 129 
454 243 162 —163 
252 303 212 O88 
579 358 080 —152 
463 165 317 072 
578 319 177 151 
341 149 167 174 
373 078 — 160 040 
495 180 128 —154 
641 282 032 030 
524 347 031 093 
567 454 116 —O083 
449 375 307 100 
677 306 296 206 
505 169 -037 053 
254 179 151 114 
331 205 281 064 
196 128 138 —190 
529 247 301 069 
285 086 043 | 029 


were scored by machine and the resulting dis 
tributions were converted into 9-point normal- 
ized standard form. Intercorrelations of 
the experimental and reference tests are re- 
ported, along with the final distribution statis 
tics, in Table 8. 


score 


Ture FAcror SOLUTION 

The highest entry in each row of the 
intercorrelation matrix was used as an 
initial communality estimate. Twelve 
factors were extracted using Thurstone’s 
Centroid Method. A full residual matrix 
was computed after the extraction of 
each centroid, and adjustments of com- 
munality residuals were made prior to 
the extraction of the succeeding factor. 
The 12 centroids are reported in Table 4 
along with final cornmunalities which 
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FACTOR ANALYTIC 


4 
MATRIX 


Vill 


i 096 
119 074 O91 138 
197 043 024 O58 
076 -133 135 057 
200 076 153 026 
304 150 089 027 
O13 062 037 059 
192 O86 068 O12 
050 217 192 111 
170 190 125 113 
145 162 180 109 
137 099 068 016 

— 233 179 197 — 066 
100) 071 037 097 
148 113 140 —O71 

—105 050 146 069 
134 071 144 030 
113 208 122 160 
129 107 —025 204 
101 111 058 077 

-183 037 032 110 
133 025 094 031 
O84 —205 231 
150 183 080 233 
149 — (095 026 046 
044 037 029 ~ 036 
164 166 122 102 
121 107 —213 —062 
082 191 — 233 —194 
169 —166 — 108 217 


094 


012 


were determined by summing the squares 
of the factor loadings. 

of the factors rotated 
graphically. Of these, eight were rotated 
orthogonally to approximate Thurstone’s 
definition of simple structure (14, pp. 
319-346). Three of the factors were con- 
sidered to be dependency factors having 
no psychological significance and were 
rotated in a special manner. These in- 
cluded the age-education doublet and 
two dependency factors which were de- 
fined by tests based on common study 
materials. For example, in the Number- 
Word Association Test, examinees were 
required to associate numbers and words 
together so that they later could recall 


Eleven were 


OF VISUAL 


MEMORY 


1 
O88 036 O75 118 687 
051 027 047 056 777 
090 038 O55 069 649 
O80 115 049 021 713 
097 072 074 042 725 
029 040 O58 051 731 
025 033 049 025 519 
050 121 O17 064 791 
094 O45 023 025 046 
087 026 057 126 146 
082 048 107 030 584 
O87 O87 032 063 593 
058 157 031 142 393 
111 123 179 044 329 
043 132 160 117 591 
152 178 072 147 474 
056 O88 098 078 613 
123 109 071 026 300 
225 103 132 119 296 
068 095 117 070 399 
124 O81 056 069 551 
153 122 047 050 580 
142 050 045 091 697 
079 029 108 043 501 
O54 101 013 028 702 
-~046 020 068 098 385 
108 018 O81 134 244 
O88 134 065 023 400 
-~102 046 101 108 275 
~034 060 187 O87 527 


008 


the numbers from seeing the words, In 
the 


Test, which was 
given approximately four hours later, ex- 


Position Memory 
aminees were asked to recall the posi 
tions of these number-word combinations 
as they appeared on the original study 
page of the Number-Word 
Test. Although both of these tests were 


Association 


based upon the same subject matter, the 
functions they were designed to measure 
are essentially different. One test was de- 
signed to measure associative memory. 
The other was designed to measure mem- 
ory for position in space, which is based 
on visual imagery. Except for the fact 
that it was based upon the same study 
materials, there was no reason to believe 
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Variable 


1 Word Knowledge 
2 Arithmetic Reasoning 
3 Dial and Table Readings 
Numerical Operations 
5 \viation Information 
6 Background for Current Affairs 
7 Electrical Information 
8 Mechanical Principles 
9 General Mechanics 
10 lool Functions 
11 Speed of Identification 
12 Memory for Landmarks 
13 Pattern Comprehension 
14 Colored Form-Word Association 
15 Color Recall 
16 Word Association 
7 Picture Detail Recall 
18 Position Recall | 
19 Position Recall I 
20 Sequence Memory 
| Pattern-Word Association 
22 Space Memory 
23 Position Memory 
24 Number-Word Association 
25 Number Association 
26 lurkish-English Association 
27 Pattern Detail Memory 
28 Position in Succession 
29 Color Memory 
x0 \ge in years 


Education in years 


Note 


merical Facility 
Content 
Doublet; X, Associative Memory; 


that the Position Memory Test would be 
related to the Number-Word Association 


Test any more than it would be related 
to the Word 


Association Test. However, in- 


Association Test or the 


Number 


spection of the intercorrelation matrix 
will that the 
Fest correlated much higher with the 
Number-Word ‘Test. than 
with any variable in the battery. 
Number-Word 
tion Vest had its highest correlation with 


reveal Position Memory 


Association 


other 


Similarily, the Associa 


the Position Memory ‘Test. 


\ situation such as the one described 


above usually produces a dependency 


factor which is undesirable but not ne- 


Decimal points have been omitted. Factor XII was not rotated 
follows: 1, Mechanical Experience; Il, Memory for Position in Spa 
; V, Verbal Comprehension; V1, Space-Form Perceptual 
lriplet; VII1, Memory for Position in Temporal Successio 
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rABLE 


ROTATED FACTOR 


221 051 030 198 
265 125 027 595 
230 119 114 571 
OR3 152 033 701 
343 40 079 073 
147 172 057 175 
565 101 O54 O45 
540 182 O18 104 
794 O25 
748 119 090 O09 
O88 160 027 177 
O85 150 144 149 
236 122 036 189 
057 246 124 O40 
009 133 5?1 O13 
149 120 255 106 
184 162 294 002 
106 110 174 112 
062 210 059 O70 
003 (42 076 133 
148 O71 077 O74 
134 40 165 
013 194 177 142 
024 418 244 OSS 
O86 27 093 315 
060 142 196 133 
062 223 105 O37 
016 O80 296 
104 100 576 032 
205 059 O87 OW 
091 O00 004 347 


Factors were defined as 


e: Memory for Color, I\ Nu- 


Speed; VII, Pos ll 


tu Reca 


1 IX, Number-Word Content 
XI, Age-Education Doublet; XII, Residual 


cessarily confusing provided it is recog 
nized as such and rotated in a particula 
Such a 


from 


manner. factor is routinely ex- 


tracted matrixes of intercorrela- 


tions which include age and education 
variables. Education in years necessarily 
correlates with age in years for the 
simple reason that a year of education 
requires a vear’s time. The dependency in 
this gase is usually strong enough to pro 
duce an age-education doublet factor. 
Phe method for handling dependency 
factors during the rotational process was 
fairly,simple. Consider the plot which is 
included as Fig. 4. In this figure, Vari- 


able 23 represents the Position Memory 


14 
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MATRIX 


tw tw 


Variable 


\ssociation 


Test) and is the 
Word lest. The reference 


axes were rotated so as to minimize the 


Number- 


variance of the other variables on this 
doublet. The rationale was that the fac- 
tor (Factor IX) represented a common 
element in two tests due solely to use 
of the same subject matter, and there was 
no reason why any other test in the bat- 
tery should have been loaded on it. 
Phe final rotated factor matrix is pre- 
sented in Table 5. Factor XII is included 
in this matrix although it was never in- 
troduced into the rotations. Communal- 


ities were reproduced from the rotated 


loadings and can be compared with those 
reproduced from the centroids reported 
in Table 4. 
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DESCRIPTION OF THE FACTORS 


\ description of the rotated factors is 
given in this section. In each case, the 
tests with the highest loadings are listed 
and an attempt is made to interpret the 


factors in terms of the 


original hy 
potheses. Also included is a discussion of 
the factors which were hypothesized but 


not defined. 
Factors Identified 
Factor I. Mechanical Experience 


No Variable Factor Loading 


9 General Mechanics 794 
10 Tool Functions 748 
7 Electrical Information 565 
8 Mechanical Principles 540 
5 Aviation Information 5348 


This is clearly the mechanical experi- 


15 
Vv Vi Vil VIll IX x XI XII h? 
73 183 020 092 045 192 014 054 713 q 
| 213 062 068 008 164 051 118 693 : 
29 472 004 155 033 144 O47 056 765 
| 142 016 109 006 132 046 069 644 
67 263 013 068 037 052 062 021 718 
750 188 028 131 025 099 090 042 721 Be: 
500 296 026 213 051 100 046 O51 736 } 
209 363 017 070 062 023 046 025 524 : 
331 O81 005 146 122 069 007 064 803 
105 152 071 117 113 064 O41 025 654 
150 §32 038 185 066 034 O81 126 $35 
180 359 113 102 OSS 569 OS? 030 596 a 
219 607 008 169 093 104 114 063 589 : 
O83 150 205 094 O80 457 123 142 410 
—03? O57 O47 O38 033 093 147 144 331 # 
063 137 042 201 O83 627 125 117 607 ‘ 
—093 254 399 054 177 169 O58 147 467 
; 019 185 $13 205 105 339 113 O78 614 
: —013 093 257 342 102 132 134 026 295 fy: 
272 103 050 347 042 208 O04 119 29? 
076 282 006 006 059 504 142 O70 106 
060 323 101 057 O54 $31 029 069 567 
059 132 061 058 340 384 063 050 5904 = 
100 007 074 106 339 616 096 091 707 a 
: —040 095 026 045 100 547 O13 043 513 
280 127 002 | 092 008 728 044 028 716 
119 377 001 099 127 374 006 098 308 
000 O14 034 335 049 099 043 134 242 ; 
29 099 027 172 000 051 001 023 3908 
267 -158 010 003 O85 124 308 108 281 
469 103 O10 080 075 218 309 O87 522 
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Fic. 4. Plot illustrating final position of reference axes when a factor involving dependency is ro 
tated with a factor not involving dependency 
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ence factor which has been found in 
numerous factor analysis studies of the 
Airman Classification Battery. It is called 
an experience factor since tests having 
the highest loadings on it (General Me- 
chanics, Tool Functions, and Electrical 
Information) ask questions which can be 
answered only by examinees who are 
familiar with common mechanical de 
vices such as automobiles, motorcycles, 
outboard motors, electrical devices, and 
so forth. The Mechanical Principles Test 
is somewhat of an exception since it pre- 
sents diagrams of operating mechanisms 
and asks the examinees questions about 
the movements and functions of their 
parts. Even here, past experience with 
machines is beneficial to the examinees 
and the ones who do best are usually 
those who have the highest scores on the 
other mechanical tests. The Aviation In- 
formation Test often is found to have 
a moderate loading on the mechanical 
experience factor because it contains a 
number of questions dealing with the 


mechanical functions of aircraft parts. 


Factor Il. Memory for Position in Space 


No, Variable Factor Loading 


23 Position Memory AW 
18 Position Recall 1 ALO 
22 Space Memory 385 


This is the memory for position in 
space factor which was one of the new 
factors the study was designed to identify. 
It seems to be adequately defined since 
all three of the tests designed to contain 
memory for position in space variance 
have sizeable loadings on it. The only 
other test in the battery which had a 
loading‘on this factor above the arbitrary 
.300 level of significance was the Number- 
Word Association Test. It is not listed 
as one of the identifying variables be 
cause the size of its loading was due to its 
spurious relationship with the Position 
Memory Test. Both of these variables 
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were based upon the same subject matter. 

Memory for position in space was hy- 
pothesized to be one of the three first- 
order factors which would account for 
memory through use of visual imagery. 
The first two of these, form and color, 
will be discussed later. Memory for posi- 
tion in space has to do with the ability 
to picture in one’s mind an object in its 
proper position with respect to other ob- 
jects called forth by the visual image. For 
example, if one were attempting to recall 
“call 


forth” an image in which he “sees” his 


where he left his glasses he might 


glasses on the kitchen window sill to the 


left of the pot of ivy. Some librarians 


have remarkable memory for locating 
books: “It's a small (memory for form) 
red book (memory for color) on the third 
shelf between (memory for position in 
space) the book on physiological psychol 
ogy by Morgan and Stellar and the cle 
mentary psychology textbook by Munn” 
(associative memory). The fact that a sep- 
arate memory for the position in space 
factor was identified indicates that some 
people are better at recalling the posi- 
tion of objects than they are at recalling 
the color or form of objects, even though 


all of these activities might be based on 


different aspects of the same visual 
image, 
Factor IIIT. Memory for Color 
No Variable Factor Loading 
29 Color Memory 576 
15 Color Recall 521 


Although only two tests have signifi 
cant loadings on this factor, its identity 
is readily apparent. It is the memory for 
color factor which is another of the new 
factors this study was designed to iden- 


tify, and the second one which was de- 


signed to acount for memory through 
the 
Test 
for color in 


visual 
Colored 


does not 


that 


Association 


imagery. It 
Form-Word 
measure 


appears 


memory 


7 
17 
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the same manner as the two tests iden- 
tifying this factor, since it had a loading 
of only .124. This bears out the validity 
of the statements made by examinees in- 
terviewed during the experimental ad- 
ministrations of the memory battery who 
said that they recalled the words and 
colored forms without resorting to visual 
imagery. They stated that they relied al- 
most entirely on verbal associations in 
answering the questions on the recall 
portion of this test. 


Factor IV. Numerical Facility 


No. Variable Factor Loading 
1! Numerical Operations II 701 
2 Arithmetic Reasoning 54 
$3 Dial and Table Reading = 571 
Education in Years 3A7 
2t Number Association 315 
This is the numerical facility factor 


which has been identified in all analyses 
of the Airman Classification Battery. It 
represents facility in dealing with num- 
bers and is measured in purest form by 
tests requiring examinees to perform 
simple numerical operations such as ad- 
dition, subtraction, multiplication, and 
division under speeded conditions. How 
ever, the factor is more general than this 
and almost any test involving numbers 
will measure it to some degree. It is in- 
teresting to note that the Number Associ- 
ation Test, which requires the examinees 
to study and recall pairs of numbers, has 
a loading above .300. 


Factor V. Verbal Comprehension 
No Variable Factor Loading 
6 Background for Current 
Aflairs 750 
| Word Knowledge 733 
5 Aviation Information 670 
7 Electrical Information 500 
31 Education in Years A69 
2 Arithmetic Reasoning 395 
9 General Mechanics 331 


This is the very strong verbal com- 
prehension factor which represents the 
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knowledge of and ability to deal with 
words, Like the numerical facility factor, 
it is measured by a variety of tests. In 
fact, all tests which are presented in a 
verbal form will be found to have at least 
a moderate loading on it. Usually the 
verbal comprehension factor is measured 
best by a pure vocabulary test, such as 
Word Knowledge, but occasionally a ver- 
bally presented information test, such as 
Background for Affairs, will 
have a higher loading. The Aviation In- 
formation, Arithmetic 


Current 


Reasoning, and 


General tests all 


Mechanics consist of 


verbally presented materials and rou- 
tinely have appreciable loadings on this 


factor. 


Factor VI. Space-Form-Perceptual Speed (?) 
No Variable Factor Loading 
13 Pattern Comprehension 607 
11 Speed of Identification 532 

$3 Dial and Table Reading A7T2 
27 Pattern Detail Memory 377 
12 Memory for Landmarks 359 
8 Mechanical Principles 363 
22 Space Memory 323 
7 Electrical Information 296 
21 Pattern-Word Association  .282 
I8 Position Recall I 254 


The exact nature of this factor is not 
clear. The Pattern Comprehension, Me- 
chanical Principles, and Electrical Intor- 
mation tests often are found to be loaded 
on the visualization factor. Speed of 
Identification and Dial and Table Read- 
ing are both perceptual tests. Memory 
for Landmarks, Pattern Detail Memory, 
Space Memory, and Pattern-Word <As- 
sociations were designed to be measures 
of memory tor form. 

It has been difficult in past analyses to 
separate the visualization and perceptual 
speed factors in airman samples with 
these tests. It is not known definitely 
whether this is due to the nature of the 
tests or of the population, It may be a 
combination of the two. One thing which 
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all of the tests loaded on this factor have 
in common is pictorial items. 


Factor VII. Position Recall Content Triplet 


No. Variable Factor Loading 
19 Position Recall II 413 
18 Position Recall I 399 
17 Picture Detail Recall 257 


This factor is due entirely to use of the 
same subject matter for all three tests. 
The factor has no psychological signifi- 
cance and will be called simply the posi- 
tion recall content triplet. 

Vill. Memory for Position in 
Temporal Succession 


No. Variable 
20 Sequence Memory 347 
28 Position In Succession 335 
19 Position Recall Il 342 


Factor 


Factor Loading 


This is the memory for position in 
temporal succession factor which was one 
of the new memory factors hypothesized 
in this study. All of the loadings are 
small, but this is explained in part by 
the unreliability of the tests. Strength is 
lent to acceptance of the factor by virtue 
of the fact that all three of the tests de- 
signed to measure memory for position 
in temporal succession, and no other 
tests, have appreciable loadings. 

Factor IX. Number-Word Content Doublet 
No Variable Factor Loading 
28 Position Memory 340 


24 Number-Word Association 


This is the number-word content 
doublet which is due to the dependency 
of the two tests on the same subject mat- 
ter. This factor has no psychological sig- 


nificance. 


Factor X. Associattwe Memory 
No. Variable Factor Loading 
26 Turkish-English 
Association 728 
16 Word Association 627 
24 Number-Word Association .616 
12 Memory for Landmarks 569 


Association 
Pattern-Word Association 


25 Number 
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No Variable Factor Loading 
14 Colored Form-Word 
Association 457 
22 Space Memory 131 
23 Position Memory S384 
27 Pattern Detail Memory 374 
18 Position Recall I $389 


his is the frequently obtained associa- 
tive memory factor. It has been identified 
in many previous analyses although it 
has often been called by other names 
such as paired-associates memory, rote 
memory, or simply memory. As has been 
found in other analyses, paired-associates 
type tests have the highest loadings. In 
fact, the seven tests with highest loadings 
are all of the paired-associates type. 

Evidently it is dificult to keep associa 
tive memory variance out of any memory 
test. It may be that many examinees use 
verbal “crutches” when ever possible to 
help them memorize facts and events 
especially when they recognize that they 
are going to be called on to recall these 
phenomena. 

It is interesting to note that all of the 
memory tests not involving incidental 
recall had significant loadings the 


associative memory factor, while none 


of the incidental memory measures had 
significant loadings on this factor except 
for the Position Memory Test. The Posi- 
tion Memory Test is spuriously related to 


the Number-Word Association Test. 


Factor XI. Age-Education Doublet 
No. Variable Factor Loading 
31 Education in Years 809 


32 Age in Years 


SOR 


This is the age-education doublet 
which has been identified many times be- 
fore. It has no special significance except 
that a year of education requires a year's 


time. 


Factors Hypothesized But Not Identified 


Incidental Memory. A total of six tests 
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included in the present battery were de- 
signed to measure incidental memory to 
some degree. A determined effort was 
made to see that the shortcomings of past 
attempts to measure this variance were 
eliminated from the study. For example, 
the tests were shown to be relatively re- 
liable, the examinees were given am- 
ple opportunity to observe materials on 
which they later were to be tested, and 
an effort was made to see that the tests 
measured materials truly encountered 
incidentally by the examinees. In spite 
of these precautions there was no factor 
of incidental memory defined by the 
study, 

Delayed Recall. No delayed recall fac- 
tor was extracted from the present stucly 
although three measures of this hypothe- 
sized ability were included in the analy- 
sis. Only one of the tests involved a delay 
of more the 
study and recall periods. For this reason, 
it can be stated only that, if such an 
ability exists, it does not begin to oper 
ate to a significant extent during the 
first five hours after exposure to the study 
materials. 


than five hours between 


Memory for Form. No memory for 
form factor was identified by the present 
study although most of the tests designed 
to measure this type of variance had 
significant loadings on Factor VI. Further 
research is needed to determine whethe: 
a memory for form factor exists inde- 
pendent of visualization and perceptual 
speed. 

Visual Imagery. It was hypothesized 
that three first order factors would be 
identified in the memory area: 
memory for form, memory for color, and 


visual 


memory for position in space. It was 
felt that these three types of variance 
would completely describe the visual 
image of a past experience and would 
be sufhciently intercorrelated to produce 
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a second-order visual imagery factor. 
Since a memory for form factor was not 
clearly identified in the study, an oblique 
solution was not accomplished. The de- 
cision was made to await further research 
before attempting a second-order solu- 
tion. 

Content Factors. Memory for color was 
the only content factor identified. There 
was plenty of opportunity for a memory 
for words factor to be identified, but it 
failed to appear. Tests designed to meas- 
ure memory for form did not define a 
factor, but tended to cluster on a single 
heterogeneous space-perceptual speed fac- 
tor. The two tests designed to measure 
memory for numbers did not define a 
factor, but this may have been due to 
under determination. The present study 
does not settle the question of content 
factors. 


DISCUSSION OF RESULTS 
Incidental Memory 


Perhaps the most important aspect olf 
the present study was the failure to iden- 
tify an incidental memory factor. Several 
carefully prepared tests were included in 
the analysis which were reliable enough 
to have produced such a factor if it 
existed. Special precautions were taken 
to keep the examinees from suspecting 
the true nature of the tests. Interviews 
with the subjects indicated that these 
precautions were adequate in most in- 
stances. It appears unlikely that inci- 
dental memory requires anything differ- 
ent from ability to intentionally remem 
ber things and events. 


Visual Imagery 


It is unfortunate that the question of a 
clearly 
settled. It seems reasonable that such a 


visual imagery factor was not 


factor should exist. The present study 
defined fairly well a memory for color 
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factor which corresponds to the ability 
to remember color through imagery. At 
least, the examinees reported use of im- 
agery in answering the questions on the 
two memory for color tests which de- 
fined this factor. It was especially inter- 
esting to note the strong tendency of 
examinees to resort to use of verbal as- 
sociations in learning and remembering 
the colors of the forms in the Colored 
Word-Form Association This test 
had a high loading on the associative 
memory factor, but almost no loading at 
all on the memory for color factor. The 
fact that examinees stated they did not 


lest. 


use imagery in recalling these colors was 
verified by the factor solution. 

A position in space factor was identi- 
fied, although every test which defined it 
also had a high loading on the associative 
memory factor. The tests designed to 
measure memory for form did not, in 
and of themselves, define a factor, but all 
of them had substantial loadings on a 
space visualization factor. Considering all 
of these findings together, the present 


study is taken as evidence for special 


abilities in the area of memory through 
use of visual imagery. A general visual 
imagery factor can perhaps be identified 
in the second order domain. The present 
study points to the necessity of ruling 
out examinee “memory 
crutches” if a visual imagery factor is to 
be defined which is orthogonal to the 
associative memory factor. 


use of verbal 


Associative Memory 


It was pointed out in the first section 
of this paper that associative memory is 
the only well-established memory factor. 
It has been identified in many studies by 
independent investigators using a variety 
of tests and samples. Unfortunately, how- 
ever, this strong and well-defined factor 
does not correlate very well with criteria 
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which most people would agree are 
highly saturated with memory variance. 
For example, associative memory con- 
tributes so little unique variance to the 
prediction of success in technical schools 
that no test of this factor is to be found 
in the currently operational Air Force 
selection or classification batteries. Evi- 
dently there has been a gross overestima- 
tion of the importance of memory in 
academic success or else the associative 
memory factor does not measure memory 
in the 


same indi- 


viduals who believe in its importance. 


sense as defined by 
Another strange phenomena has to do 
with the types of tests which do or do 
not load on this factor, For example, in- 
formation tests like the Air Force Back- 
ground for Current Affairs and Aviation 
Information tests have approximately 
zero loadings on this factor (.099 and .052 
in the present study). It is difficult to 
understand why recalling the answers 
to questions about current affairs or avia- 
tion should not require an important 
type of memory. Yet in a factor solution 
these tests are found to be primarily 
measures of the verbal factor (.750 and 
670 in the present study). The answer 
The 
type of memory factor. The verbal fac- 
tor in its purest form is reflected by the 
ability of individuals to recall the mean- 


seems obvious. verbal factor ts a 


ings of words, and there is no reason 
to believe that this is essentially different 
from the ability to recall any other type 
of verbal material. 

In a somewhat broader sense, othe 
factors represent! memory abilities. For 
example, the Numerical Operations Test, 
which is one of the purest measures of 
the numerical factor, is little more than 
rapid recall of the sums, differences, 
quotients, and products of numbers. 

If common factors such as the verbal 


and numerical factors represent impor- 


| 
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tant memory abilities, the question natur- 
ally arises as to what the so-called asso- 
ciative memory factor measures. Two al- 
ternative hypotheses are offered. The 
first is that associative memory is a rather 
limited and artificial factor which reflects 
the extent to which examinees resort to 
use of “memory crutches” in a formal 
testing situation. This hypothesis is sup- 
ported to some extent by the current 
study in that when special efforts were 
made to prevent the examinees from us- 
ing crutches by speeding the presenta- 
tion of materials or by hiding the pur 
pose of the tests, the resulting scores had 
little or no loading on the associative 
memory factor. On the other hand, when 
no efforts were made to prevent the ex 
aminees from using crutches, the tests 
invariably had high loadings on the asso- 
ciative memory factor. 

If one accepts the above hypothesis, it 
is easy to understand why tests measur- 
ing associative memory are not highly 
predictive of success in meaningful situa- 
tions. One would expect them to be pre- 
that the cri- 
teria in these situations also reflect this 


dictive only to the extent 
type of learning through use of associa- 
tive crutches. 

\n alternative hypothesis concerning 
the of the 
factor is that it represents ability to re- 


nature associative memory 
produce stimuli after limited exposure. 
This ability may have little relationship 
to the ability to reproduce the same ma 
well 
grated through many exposures under 


terials after they have been inte- 
various conditions and various contexts. 
For example, suppose one were to select 


Turkish 


svnonvins 


a group of words their 


Turkish and assemble them 


into a paired-associates test. If a group of 


Americans with no knowledge of the 
Furkish language were to associate these 
words in a limited amount of time and 
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later were required to identify each word 
with the one with which it was associ- 
ated, the resulting scores would have a 
high loading on the associative memory 
factor, but a low loading on the verbal 
factor. If the recall portion of this test 
were administered to a group of Turks 
who have had many exposures to the 
pairs in their day day 


to living, the 


scores would just as assuredly measure 
the verbal factor for that sample and 
would have low loadings on the associa- 
tive memory factor. In the numerical 
area, it is entirely possible that a speeded 
multiplication test would measure asso 
ciative memory in a fourth grade class 
which is in the process of memorizing the 


The 


would be primarily a measure of the nu- 


multiplication tables. same test 


merical factor if it were to be adminis 
tered to this same group several years 
later. 

Perhaps the verbal factor represents 
the ability of the individuals to profit 
from reinforcements (or to integrate ma 
terials) in the verbal area, while the nu- 
the 
ability of individuals to profit from rein- 
the An 
the 


merical facility factor represents 


forcements in numerical area. 
that 


ability to integrate or profit from rein 


equally tenable position is 


forcement corresponds to a “g” factor 
and that group factors are the result of 
differential amounts of experience in 
particular areas such as verbal and nu 


merical. 


Memory for Position in Space 


The memory for position in space fac 
tor was defined by all three of the tests 


included in the study to measure this 


type of variance. As mentioned previ 
ously, these tests also had a high loading 


the An 
attempt should be made to reduce asso- 


on associative memory factor. 


clative memory variance in memory fot 
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position in space tests by speeding the 
presentation of the stimulus material or 
by designing the tests in a manner such 
that the examinees do not feel the need 
to use verbal associations. Attention also 
should be called to the close similarity 
between the three tests defining this fac- 
tor in the present study. In all cases the 
examinees were asked to recall the posi- 
tion of materials on a printed page. Addi- 
tional determine 
whether this factor can be generalized 


study is desirable to 
to include memory for position in three- 
dimensional space. 


SUMMARY AND CONCLUSIONS 


The primary purpose of this study was 
to investigate the factorial structure of 
the memory area. Nine memory factors 
were postulated and can be subsumed 
under five major headings: visual mem- 
ory, incidental memory, delayed recall, 
memory for position in temporal succes- 
factors. A 
total of 17 experimental memory tests 


sion, and memory content 
were constructed, administered, revised, 
and finally given, along with 14 reference 
tests, to 718 Air Force enlisted personnel 
basic in- 
Lackland Ai 


The resulting test 


in the early weeks of thei 
doctrination training at 
Force Base, Texas. 
scores were jntercorrelated and a total of 
12 centroid factors were extracted from 
the intercorrelation matrix. Eleven of 
these factors were rotated orthogonally. 
Of these, four were identified as refer- 
ence factors, three as dependency factors 
having no psychological significance, and 
four as memory factors. No memory fac- 
tor was identified that was not originally 
postulated, although several of the postu 
lated memory factors were not identified. 

It is difficult to draw conclusions from 
a single factor analysis study in a new 


area since a satisfactory formula for de- 


termining the standard error of a factor 
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loading has not been developed. Factors 


and factor loadings may vary consider- 
ably from population to population and, 
to some extent, in studies utilizing suc- 
cessive samples drawn from the same 
population. They are influenced by the 
factor technique used, by the method of 
estimating communalities, by the num- 
ber and composition of reference tests 
used, by the number of factors extracted, 
by the method of rotations, and by the 
idiosyncracies of the individual perform- 
ing the rotations. For these reasons it is 
difficult to consider one study as proof 
for the existence or nonexistence of a fac- 
tor. When a factor is found over and ovet 
again by many analysts using different 
techniques, samples, and tests, these suc- 
cessive reinforcements give one more con- 
fidence that a factor is meaningful. When 
the results of these analyses are used for 


reconstructing test batteries which are 
demonstrated by conventional regression 
techniques to be more efficient in coun- 
seling students into the fields for which 
they are most qualified, or for better 
classifying personnel into jobs, then the 
contributions of such analyses are veri- 
fied. Subject to the above qualifications, 
it is believed that the following conclu- 
sions are warranted from the results of 
the present study: 

1. If there is a differential loss in re- 


tention among individuals extending 
over more than a single test, it does not 
occur to a great extent during the first 
few hours after exposure to stimulus ma- 
terials, 

2. Memory for color represents a spe- 
cial ability which is relatively independ- 
ent of associative memory. 


3. Recalling 


countered incidentally requires the same 


things and events en- 
ability as recalling things and events pur- 
posefully remembered. 


1. There is a special ability for re 


| 
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membering the position of objects in 
space. ‘The present study indicates that 
this ability is somewhat related to the 
ability to recall color and more highly 
related to associative memory. Its rela- 
tionship to color recall can be explained 
by the fact that both functions require 


the production of a visual image. It is 
probable that much of its relationship to 


CHRISTAL. 


associative memory in the present study 
was due to inadequate care in test con- 
struction, 

5. There is a special ability for remem- 
bering the relative position of events in 
a time series. Although good associative 
memory may help in this task, it alone 
cannot account for the superiority of in- 
dividuals in performing this task. 
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